Introduction
Trans-catheter angiography (TCA) is considered as the "gold standard" for the assessment of occlusive vascular diseases of the aorta and lower extremity arteries [1] . However, this method is known to be invasive and has a definite morbidity [2, 3] . Helical computed tomography (CT) scan has enormously improved during the last decade, with substantially shorter acquisition time and thinner slice sections enabling scanning of longer segment of the vascular tree with a single contrast-material injection. Currently with 16-and 64-row technology, multidetector CT (MDCT) has achieved the greatest gain in scan speed and has resulted in a real revolution in clinical diagnostic imaging, especially in CT angiography. However, even with the last advances, there are two main remaining limitations. The first is related to difficulties in obtaining an optimal contrast enhancement of the whole arterial tree due to patient-to-patient variation in the transit time of contrast material from the aorta to the distal arteries and the large panel of scan speeds offered to the user. Subsequently, it remains difficult to predict optimal parameters for image acquisition that include visualisation of the distal run-off arteries with a high quality without venous overlap [4] . The second limitation is the value of CT in assessing the distal foot arteries during the same acquisition. To our knowledge, no previous study had evaluated CT performances in the foot arteries.
The purpose of this study was to evaluate the accuracy of MDCT for the assessment of occlusive peripheral arterial diseases (PAD) of lower extremities using an adaptive method of acquisition in order to get an optimal arterial enhancement and to ensure a good visualisation and assessment of distal run-off vessels, including foot arteries.
Materials and methods

Patients
Thirty-four consecutive patients, 19 men and 15 women, with a mean age of 64 years (range 37-90 years) with PAD were enrolled in the study. All patients, referred for TCA of the aorta and lower extremity vessels, underwent CT angiography within 15 days. Randomly, 11 patients underwent CT first and the remaining 23 patients TCA first. All patients were symptomatic: six patients in stage II, eight in stage III and 20 in stage IV according to Fontaine's classification. Patients with impaired renal function (creatinine clearance <30 ml/min) were excluded. Informed consent was obtained from all patients. All patients had no change in symptoms between the two examinations.
MDCT parameters and transit-time measurement
MDCT angiography was performed on a 16-row scanner (Light speed Pro16, GE Medical System, Milwaukee, USA) with a collimation of 16×0.625 mm, a field of view of 320 mm and 512×512 matrix. The mean scanning coverage was 1,140 mm.
In order to get the optimal vascular contrast enhancement, the adaptive method described by Qanadli et al. [5] was used. A single bolus of 30 ml of contrast material (Iohexol; Accupaque 300, Amersham Health, Wädenswil, Switzerland) was administered at a rate of 4 ml/s. Then, two low-dose (20 mA, 120 KV) dynamic acquisitions were obtained. The first acquisition was at the level of T12 vertebra for the abdominal aorta and the second one was just below the knee joint for the distal popliteal arteries. The first dynamic acquisition was acquired 20 s after the beginning of the intravenous bolus injection and lasted for 10 s. The second dynamic acquisition was started immediately after the first one. For each patient, three time-density curves were generated: one for the aorta and the others for each popliteal artery. Time to the maximum enhancement was calculated as T1 and T2 for the abdominal aorta and the popliteal arteries, respectively. In case of different calculated times for both popliteal arteries, the time for the symptomatic leg, or the longer time in case of bilateral symptoms, was considered as T2. For each patient, we calculated the aorto-popliteal transit time (Tt) as (T2-T1). Accordingly, the acquisition parameters (rotation time and table speed) were chosen in order to obtain an acquisition time (Taq) that is equal or nearest to the Tt. The acquisition was done using the appropriate selected rotation time and table speed with T1 time delay between injection of contrast material (100 ml at 4 ml/s) and acquisition.
Axial transverse images of 1.25-mm slice thickness were obtained for all patients for the whole arterial tree. To optimise the spatial resolution to the distal arteries, axial transverse images of 0.625-mm slice thickness were reconstructed for the below-knee arteries. To reduce the radiation dose delivered during the acquisition, a redefined mA dose auto-modulation (120 kV, minimum mA value 100, maximum mA value 300) in the z-axis was applied in all patients. The estimated CT dose index was 13 mGy.
Data analysis
The arterial tree was divided into 39 segments as follows: infra-renal abdominal aorta, common iliac, external iliac, internal iliac, common femoral, profunda femoris, superficial femoral, popliteal, anterior tibial (three segments), tibio-peroneal trunk, posterior tibial (three segments), peroneal (three segments), dorsalis pedis and planter arteries. MDCT angiograms were interpreted independently by two investigators unaware of TCA findings. A combined interactive review of CT scan data using axial transverse images, MIP reconstructions, volume rendering techniques and curved planner reformations was applied for each examination on commercially available workstation (Advantage Window, GE Medical Systems). In case of discordance, a consensual lecture was performed. For each examination, including inconclusive scans, three parameters were analysed: (1) quality of the arterial enhancement, (2) presence or not of venous return, and (3) quantitative measurement of the stenosis degree. The quality of arterial enhancement was graded in three categories: grade 0: optimal enhancement; grade 1: nonoptimal enhancement but interpretable; grade 2: noninterpretable examination. Measurements of attenuation values at four arterial segments were obtained (aorta, superficial femoral, mid anterior tibial and dorsalis pedis arteries). Presence of venous return was graded in a threelevel scale: grade 0: no venous enhancement; grade 1: nondisturbing venous enhancement; grade 2: disturbing venous return. Arterial stenoses were categorised in four grades: grade 1: normal or non-significant stenosis (0-49% reduction in diameter); grade 2: moderate stenosis (50-74% reduction in diameter ); grade 3: severe stenosis (75-99% reduction in diameter); grade 4: complete occlusion. These categories corresponded to those used in other imaging studies on PAD [6] [7] [8] [9] . A stenosis equal or more than 50% was considered as significant (≥grade 2). Presence of aneurysmal dilatations were noted separately.
TCA were independently analysed on the workstation by two vascular radiologists unaware of the CT scan findings. Disagreement was resolved by means of consensus review. The consensual review results were assumed to provide the true disease state. Criteria described above for evaluating the quality and the grading of stenoses were applied.
All the four observers were unaware of patient history, clinical findings and previous radiology reports. Segment levels in which examination was inconclusive at TCA were excluded from the comparative analysis. Image quality and diagnostic performance of MDCT to detect significant arterial stenosis were calculated both on patient basis and on segment basis. Interobserver agreement of measuring the grade of stenosis between both observers of each modality and the intermodality agreement between MDCT and TCA were determined by calculating the kappa (κ) values [10] .
Results
Image quality
TCA was diagnostic in 854 of a total 860 segments analysed and was inconclusive in six segments (Fig. 1) , all of them were dorsalis pedis and planter arteries. The mean Tt was 33±12 s, with a maximum of 74 s and minimum of 14 s. Nine different personalised protocols were applied during the study depending on the Tt. Attenuation value measurements revealed high and homogenous enhancement with a mean of 285±32 HU for the aorta, 303±26 HU for the superficial femoral artery, 290± 36 HU for the anterior tibial artery and 235±42 HU for the dorsalis pedis artery with coefficient of variation of 2-10% (Fig. 2) . Image quality for above knee arteries was excellent with grade 0 arterial contrast enhancement and grade 0 venous return for all segments. Therefore, CT was conclusive in all segments, including distal foot arteries. All below-knee arteries, including the distal pedal arteries, were interpretable according to both CT observers with, however, 35 segments had grade 1 arterial enhancement out of 559 segments (6%). We did not encounter a significant venous return that hampered the interpretation at CT. There were 11 segments with grade 1 venous enhancement at CT. All of them were below the knee and distal foot arteries. We did not have technical failures even with difficult cases presented with aneurysms and occluded bypasses between abdominal aorta and distal foot arteries (Figs. 3, 4) . Fig. 5 a, b A 63-year-old woman with intermittent claudication of the left lower limb. a On TCA frontal projection view, the left superficial artery was graded as grade 1 (non-significant stenosis). b Left anterior oblique curved planer reconstructions demonstrate a short anteroposterior stenosis of left superficial femoral artery (white arrow) that was graded as significant (G3, 75-99%). This was a falsepositive case, as TCA was considered the gold standard Fig. 6 a-c A 61-year-old man hypertensive and hypercholesterolemic presented with left lower limb intermittent claudication. a Selective TCA of left femoropoliteal axis show a focal significant stenosis of the left popliteal artery (arrow). b Both MDCT observers considered the left popliteal artery to be normal (grade 1). Even on a second review of this false positive case using curved multiplaner technique and the highest spatial resolution (0.625 mm), this focal stenosis was hardly depicted (c, arrow) and difficult to quantify
Diagnostic performance
Analysis on a patient basis
All patients showed at least one significant stenosis on TCA. Consensus lecture was needed by TCA observers in 62 segments (7%). CT detected all patients with significant arterial stenosis. Consensus lecture was needed by CT observers in 67 segments (8%). The overall sensitivity and specificity of MDCT were both 100%. Aneurysmal dilatations were revealed in six segments at TCA: common iliac (n=1), internal iliac (n=1), profunda femoris (n=1), superficial femoral (n=2) and popliteal artery (n=1). All of them were detected on CT.
Analysis on a segment basis
Aortoiliac arteries
MDCT and TCA agreed in 155 of 160 arterial segments (97%). No aortic significant stenosis was detected in either TCA or MDCT. Twenty of 21 significant stenoses of iliac arteries were visualised at CT. MDCT observers underestimated one internal iliac stenoses. Sensitivity and specificity of CT to detect significant stenoses were 95% and 100%, respectively (Table 1) . Excluding the internal iliac arteries, the sensitivity and specificity were both 100%. The interobserver agreement of both observers of CT was very good with κ value of 0.93 ( Table 2 ). The interobserver agreement of both observers of TCA was similar (κ=0.93).
Femoro-popliteal arteries
MDCT and TCA agreed in 159 of 168 arterial segments (95%). CT detected 53 of 57 segments with significant stenosis. CT observers overestimated arterial stenosis in five segments and underestimated arterial stenosis in four (Table 3 ). Further analysis of the overestimated segments showed one patient with a significant stenosis that was overlooked on a single projection TCA (Fig. 5) . Sensitivity and specificity of CT were both 95%. The inter-observer agreement of both observers of CT was very good with a κ value of 0.92, while that of TCA observers was 0.85. In one false negative case, both CT observers could not depict a very short stenosis of the popliteal artery that was seen by both TCA observers (Fig. 6) .
Below-the-knee arteries
MDCT and TCA agreed in 374 of 420 arterial segments (89%). MDCT detected 238 of 244 (98%) significant stenoses with 15 false positive and six false negative results. Sensitivity and specificity of CT were 91% and 96%, respectively. The intermodality agreement between TCA and CT was excellent for grade 2 stenosis with κ value of 0.93. Meanwhile for grades 3 and 4, MDCT underestimated 18 stenoses that were classified as grade 3 stenosis, while they were graded as grade 4 on TCA (Table 4 ). This was mainly because of the extensive calcified plaques of distal runoff arteries that renders grading of stenosis very difficult (Fig. 7) . The interobserver agreement of both observers of MDCT was good with κ of 0.73, while it was very good at TCA with κ of 0.81.
Distal pedal arteries
The intermodality agreement between MDCT and TCA was very good with κ value of 0.90. Of a total 86 segments, TCA demonstrated 47 significant stenosis. Twenty lesions were in the dorsalis pedis artery and 27 in the planter artery. All these stenoses and occlusions were visualised on the CT. However, CT overestimated four stenoses. Two of them were because observers depended mainly on the three-dimensional(3D) volume rendering images on their analysis (Fig. 8) . We obtained a very good performances to detect significant stenoses with a sensitivity of 100% and a specificity of 90%. The inter-observer agreement of TCA was very good with κ value of 0.85, whereas that of 16-CT was good (κ=0.80).
Discussion
TCA is considered as the gold standard for the diagnosis in patients with PAD. However, since it is an invasive technique, TCA is generally now performed only as a pre- . e TCA lateral projection view revealed a complete occlusion of left planter artery and shows better the kinetics of blood flow as the distal part of the planter artery is supplied by the dorsalis pedis artery treatment procedure and is known to have some limitations and risks [2, 3] . CT angiography is relatively non-invasive new technique introduced in the last 10 years for assessment of PAD [11, 12] . Therefore, there is little original data available on CT of PAD of lower extremities [9, 11, [13] [14] [15] . In fact, CT angiography of the whole peripheral vascular tree was made possible only recently by the latest generations of CT scanners [11, 16] . The potential role of CT in the management of the PAD is not only to establish diagnosis but also to provide all informations for therapeutic decision making. To analyse accurately the whole vascular tree, two conditions, however, are mandatory for CT angiography: optimal arterial enhancement without interfering venous return that allow high-quality 2D and 3D reconstructions and high spatial resolution. The choice of acquisition parameters of CT varies widely according to the type and the model of the scanner (four-, eight-, 16-and 64-detector CT scan). However, even with the recent technical improvement in the CT platforms, the optimal timing of arterial enhancement of lower extremities remains difficult because it also depends on the hemodynamic and the vascular state of each patient. It is well known that coexisting cardiovascular disorders and the presence of blood flow obstructions and aneurysms anywhere between the infrarenal aorta and the pedal arteries may substantially delay the opacification of the arterial tree [4] . With fast CT scanners, it might thus be possible for scanning to outpace the contrast medium bolus despite correct timing of the scanning delay at the level of the abdominal aorta, with subsequent inadequate opacification of distal arteries [4] . The adaptive method described by Qanadli et al. [5] has the advantage of determining acquisition parameters based on every patient's hemodynamic and vascular status with a single bolus test. Other injection strategies with use of bolus tracking or bolus test principles and other preceding protocols with fixed scanning delay were available and have been used as mentioned in recent studies [5, 9, 11, 15 , Fig. 8 a-d A 68 -year-old man, smoker, hypertensive and hypercholesterolemic presented with lifestyle disturbing intermittent claudication (100 m walking distance). Both MDCT observers overestimated the left planter artery as they paid more attention to 3D volume rendering images in their interpretation. The planter artery was graded as having significant stenosis (G3, 75-99%) on 3D VRT images (a) while it was graded as grade 1 on TCA (b). However, on retreating these 3D VRT images with a different threshold level (c) and also with the curved multiplanar reconstructions on the long axis of the planter artery (d), the planter artery was clearly intact 19] . However, all these methods use empirical (nonpersonalised) selection of acquisition parameters and, to our knowledge, none of these studies has clearly evaluated the image quality in the foot arteries. With the use of the adaptive method, we obtained reproducible high quality CT angiograms even in complex cases with aneurysms and obstructed bypasses between abdominal aorta and distal pedal arteries. We did not encounter problems of venous filling as noted by other authors [6, 7] using an empirical approach. The image quality obtained was clearly reflected in the overall sensitivity and specificity in the detection of significant stenosis on patient based analysis (100%) as well as on segment basis analysis. Sensitivity and specificity were 91% and 96%, respectively, for detecting significant stenosis in the below-the-knee arteries. Our study, if not the first, is one of the first studies that emphasised on the analysis of distal feet arteries. Indeed, we obtained very good results of CT in detecting significant stenosis of dorsalis pedis and planter arteries with a sensitivity and a specificity of 100% and 90%, respectively. Furthermore, the high quality obtained provide high levels of interobserver agreement between observers.
Critical analysis of the disagreements of distal arteries showed that TCA and CT were well correlated for distinguishing a significant stenosis from a non-significant one. CT overestimated 24 segments of arterial stenosis. Further subanalysis of these overestimations revealed in one patient that significant stenosis was missed on a single projection TCA (Fig. 5) , though it was considered as the gold standard. In one false negative case, both CT observers were unable to see a focal stenosis of the popliteal artery probably because of the limited spatial resolution of CT (Fig. 6) . Among the cases of true positive stenosis, further subanalysis of stenosis quantification demonstrated that MDCT observers underestimated 18 stenoses that were classified as grade 3, while they were graded on TCA as complete occlusions. This may be explained also by the limited spatial resolution especially in cases of presence of extensive arterial wall calcifications that make the luminal quantification extremely difficult on CT even with window adjustment and the combined multireconstruction approach as previously reported [20, 21] . We did not evaluate the difference in the diagnostic value of the way of reading CT angiography in the present study. Radiologists concentrate mainly on the axial images in some patients and give more attention to 3D images in others. In fact, depending only on 3D volume rendering techniques could be detrimental as the image informations depend on the selected threshold for structure reconstruction and visualisation, which can easily lead to overestimation or underestimation of arterial stenosis.
An alternative non-invasive imaging techniques for assessing PAD is the contrast enhanced MR angiography [22] . Nevertheless, MR has some disadvantages that make CT a compelling alternative, because of the limited spatial resolution of MR angiography, particularly in assessing small vessels. In addition, covering a large volume over the whole vascular tree with sufficient intra-arterial contrast enhancement and minimal venous return remains a challenge for MR. The major advantage of MR over CT is that no ionising radiation nor iodinated contrast medium are needed. However, efforts have been made recently to reduce the radiation dose delivered during CT that include the mA dose automodulation during acquisition, as used in the present study, low dose protocol (50 mAs), as proposed by Fraioli et al. [17] , and low kV settings (100 kVp), as suggested by Wintersperger et al. [18] . Care should be taken to use the available protocols for dose reduction in routine practice.
In conclusion, MDCT angiography using the adaptive method of acquisition for optimising the arterial enhancement improves the image quality and provides a reliable non-invasive technique to assess occlusive PAD including distal feet arteries. Routine use of the reported technique is recommended, especially with potentially faster CT platforms (64-MDCT).
